Abstract. Characteristics of ion beams produced in the Mather type plasma focus (PF) were studied experimentally to apply the beam to materials processing. The plasma focus was pre-filled with H2 of 250 Pa, or mixture ofH2 (270 Pa) and Ne (30 Pa). At 218 mm downstream from the top of the anode on the electrode axis, ion beam of current density � 4 kAlcm 2 , pulse width � 100 ns (FWHM) was observed when filling gas of H2 was used. The ion species and energy spectra were evaluated by a Thomson parabola spectrometer. Protons of energy in the range of 0.1-1.4 MeV were observed when PF was filled with H2• From the X-ray measurement pinch plasma column of3-4 mm in diameter and 40 mm in length is observed and line emission of He-like and H-like K shell X-ray emissions were observed when PF was filled with mixture gas. From a particle pinhole image and an incident angle resolved proton energy spectrum ion production is found to be axial symmetry and the ion energy decreases with increasing incident angle. To evaluate the irradiation effect amorphous silicon thin films of thickness 500 nm was irradiated by the ion beam. By the X-ray diffraction measurement of the films before and after the irradiation we found that the film was poly-crystallized by the irradiation.
INTRODUCTION
Strong emission of energetic ions, and X-ray are known to be emitted from the pinch plasma produced in plasma focus (PF). Especially, the energetic ions have following characteristics. and expected to be applied to materials processing [1] [2] [3] [4] [5] [6] . a) High energy ions of energy ranging from 100 keV to several MeV are produced with relatively low voltage pulsed power systems [7] .
b) The power density and the brightness of the beams are very high [1, 3] .
To clarify the mechanism of the production of the ion beams and to apply them to materials processing we have evaluated the characteristic of the ion beam. In addition, the beam was used to irradiate amorphous silicon thin films to evaluate the irradiation effect. In the paper the experimental results are described.
EXPERIMENTAL APPARA TAUS Figure 1 shows the schematic of the experimental apparatus. Mather type PF was used in the experiment. The PF consists of an inner electrode (anode), an outer electrode (cathode), and a glass insulator. The anode is a cylindrical copper electrode and its length and the diameter are 280 mm and 50 mm, respectively. Figure 1 (b) shows the detail of the anode top. To reduce the production of impurity ions and to reduce the damage of the electrode, the anode has a hollow shape top and has a hollow of 40 mm in diameter and 20 mm.
The cathode consists of 24 copper rods of diameter 10 mm, length 230 mm and the effective inner diameter of the cathode is 100 mm . The insulator is made of glass and the length and the outer diameter are 125 mm and 60 mm, respectively.
A capacitor bank of capacitance 44.8 J.lF, maximum charging voltage 80 kV was used, which was connected to the PF through 224 of coaxial cables. In the experiment the charging voltage of the capacitor bank was fixed to 30 kV. The vacuum chamber was once evacuated to < 7x 10-3 Pa and after that filling gas was introduced. In the experiment pure hydrogen (purity 99.9 %, 250 Pa), and mixture gas of hydrogen (purity 99.9 %, 270 Pa) and neon (purity 99.99 %, 30 Pa) were used as the filling gases. Figure 2a shows typical waveforms of discharge current (lch) measured by a Rogowski coil, and ion current density (Ji) measured by a biased ion collector (BIC) at z=218 mm downstream from the top of the anode on the electrodes axis. The BIC has a cup electrode inside the grounded body and the ions are injected into a cup electrode through an aperture of 0.3 mm in diameter. The electrode was biased to -300 V to remove co-moving electrons. In the experi m ent the PF was pre-filled with pure H2. As seen in the figure, Ich has a peak of 550 kA at t= 1.6 JlS and after that 1 50 kA of current dip is observed, which suggests the strong pinch of the plasma. In the figure, ,h rises sharply at the end of the current dip (at t= 1. 7 Jls) and has a peak of 2.5 kA/cm 2 with pulse width of 80 ns To evaluate the species of ions and their energy spectra, a Thomson parabola spectrometer (TPS) was used. The TPS consists of a pair of pinholes (l5t and 2nd pinhole) to collimate the incident ion beam, a magnetic deflector, an electrostatic deflector, and an ion track detecting film of CR-39, the detail of the TPS is shown in the literature [1] . Figure 3a shows the ion track pattern obtained by the TPS. As seen in the figure, strong trace of protons is observed with weak trace of impurities such as oxygen, nitrogen and carbon ions. The energy of the protons is eval uated top be in the range of 0.1-1.4 MeV. The source of the impurities seems to be the desorbed gas from the electrode surface.
To evaluate the spectral intensities (/s) [7] of protons from Figure 3a , line densities of the ion tracks (M. track number density along the parabola trace) were carefully evaluated. Figure  3b shows the result of the evaluation. As seen in the figure, Is decreases with increasing energy.
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s· o· -S · 1 5 · 10· o· _SO FIGURE 4. a -particle pinhole image; b -angular distribution of ion energy obtained by a particle pinhole camera and an electric mass spectrometer, respectively. The incident pinholes for both measurement were placed at z=218 mm on the electrode axis FIGURE 5. X-ray diffraction pattern of amorphous silicon thin film before and after the ion beam irradiation Figure 4a shows the particle pinhole image on CR-39 obtained by a particle pinhole camera. In the figure concentric circular patterns are observed, which suggest the axially symmetric ion beam generation. Considering that ions passing off-axis are bended by the strong self magnetic field of azimuthal-direction, the ions seem to be produced on the axis.
To evaluate the angular distribution of ion energy spectrum, electrostatic ion energy spectrometer was used. The obtained track pattern is shown in Figure 4b with a pinhole image. From the pattern we see that the ion energy decreases with the incident angle.
IRRADIATION EXPERIMENT
To evaluate the annealing effect of the pulsed ion beam to the materials amorphous silicon thin films were used as targets. The films have a thickness of 500 nm and fabricated on glass substrates. The target was placed at z=500, r=30 mm, where Jj was evaluated to be 250 Ncm 2 • Figure 5 shows the X-ray diffraction pattern of the target before and after one shot of irradiation. From the figure we see that clearer peaks of Si (111) and Si (220) appear by the irradiation of ion beam, which indicate that amorphous silicon thin film was poly-crystallized by the irradiation.
Due to the special characteristics of an intense pulsed ion beam, it is expected to applied for materials processes such as surface treatment, pulsed ion beam implantation, thin film deposition, etc. Pulsed power ion diode has been used for those applications (see, for example, [8] ). However, from this experiment we see that the PF is the potential beam source for material processing since highly bright ion beam can easily be obtained by a low cost power supply of simple capacitor bank.
